Purpose: To compare Orbscan II and ultrasonic pachymetry for measurement of central corneal thickness (CCT) in eyes scheduled for keratorefractive surgery. Methods: CCT was measured using Orbscan II (Bausch & Lomb, USA) and then by ultrasonic pachymetry (Tomey SP-3000, Tomey Ltd, Japan) in 100 eyes of 100 patients with no history of ocular surgery scheduled for excimer laser refractive surgery. Results: Mean CCT was 544.7±35.5 (range 453-637) µm by ultrasonic pachymetry versus 546.9±41.6 (range 435-648) µm measured by Orbscan II applying an acoustic factor of 0.92 (P=0.14). The standard deviation of measurements was greater with Orbscan pachymetry but the difference was not statistically significant. Conclusion: CCT measurements by Orbscan II (applying an acoustic factor) and by ultrasonic pachymetry are not significantly different; however, when CCT readings by Orbscan II are in the lower range, it is advisable to recheck the measurements using ultrasonic pachymetry.
INTRODUCTION
Corneal thickness measurement is indispensable in the diagnosis and management of corneal disorders and is an important parameter in predicting the long term complications of keratorefractive procedures. The increase in the number of refractive procedures such as photorefractive keratectomy and laser in situ keratomileusis (LASIK) and the concomitant increase in the rate of post-surgical keratectasia, underscore the importance of accurate corneal thickness measurements. [1] [2] [3] Recently, the importance of corneal pachymetry has been highlighted in other conditions such as side effects of contact lenses, 4 glaucoma, 5 dry-eye 6 and diabetes mellitus. 7 Despite the introduction of several new imaging devices, ultrasonic pachymetry remains the standard method for corneal thickness measurement. This method requires corneal anesthesia and instrument contact with the globe therefore entails disadvantages such as corneal injury and transmission of microorganisms. Furthermore, the results obtained by this technique are technician-dependent and care must be taken to apply the probe perpendicularly in the center of the cornea with minimal pressure. 8 In contrast, non-contact methods including Orbscan II scanning slit corneal topography, 9 specular microscopy 10 and confocal laser scanning microscopy 11 avoid these limitations and drawbacks. Orbscan II is widely used in evaluating the refractive properties of the anterior and posterior corneal surfaces before and after keratorefractive procedures. This instrument determines corneal thickness in the center and periphery and is the most commonly employed device in Iran for the preoperative evaluation of refractive surgery patients. Several studies have compared Orbscan II and ultrasonic pachymetry for measuring corneal thickness. [12] [13] [14] [15] Most of them have reported that Orbscan II yields higher measurements with a mean overestimation of 30 µm. To compensate for this difference, the manufacturer suggests applying a correction (acoustic) factor of 0.92. 16 The current study was undertaken to compare central corneal thickness measurement by Orbscan II and ultrasonic pachymetry in an Iranian patient population scheduled for refractive surgery and to determine the accuracy of the acoustic factor (AF) for Orbscan II.
METHODS
One-hundred eyes of 100 patients referred for refractive surgery to Negah Eye Clinic, Tehran, Iran were enrolled in this study. None of them had history of ocular surgery and most subjects had myopia with or without astigmatism. Only data from the right eye of each patient was considered for the study.
First, corneal imaging was performed using Orbscan II (Bausch & Lomb, USA) and the measured corneal thickness was corrected applying an acoustic factor of 0.92. In the next step, ultrasonic pachymetry (Tomey SP-3000, Tomey Ltd, Japan) was performed by one experienced operator under topical anesthesia with tetracaine 1%. Measurements were obtained 5 times in the center of the cornea and the average reading was recorded. The results were compared using paired t-test with significance set at 0.05.
RESULTS
Overall, 100 right eyes of 100 patients including 39 male and 61 female subjects with mean age of 28.6±8.0 (range 19-46) years were studied.
Mean central corneal thickness was 544.7±35.5 (range 453-63) µm by ultrasonic pachymetry and 546.9±41.6 (range 435-648) µm by Orbscan II (P=0.14). The standard deviation of measurements was higher with Orbscan II as compared to ultrasonic pachymetry, but the difference was not statistically significant (Fig. 1) . 
DISCUSSION
Ultrasonic pachymetry has been the standard method for measurement of corneal thickness for several years. More recently, other devices have been used for this purpose, one of which is the Orbscan II by Bausch and Lomb. Advantages of this device include simultaneous topographical analysis of the anterior and posterior corneal surfaces and corneal pachymetry, use of a non-contact method, measurement of several parts of the cornea, being less techniciandependent, and not being affected by errors inherent to contact methods such as non-perpendicularity or eccentricity of the probe. Furthermore, repeatability of the measurements in normal eyes has been reported to be superior with Orbscan II as compared to ultrasonic pachymetry. 13, 17 Several studies have compared central corneal thickness measurements by Orbscan II and ultrasound. Yaylali et al 12 studied 51 normal eyes and reported that corneal thickness readings were 23-28 µm higher with Orbscan II without applying an AF. In a similar study on 101 normal and 30 post-LASIK eyes, corneal thickness measurements by Orbscan II without applying AF were 28 µm greater in normal eyes but 13 µm smaller in post-LASIK eyes as compared to measurements obtained by ultrasonic pachymetry. 14 In another comparison on 99 normal eyes, measurements were 90 µm higher with Orbscan II without applying a correction factor. 15 The reason for higher measurements by Orbscan II pachymetry as compared to ultrasound is the difference in the manner the instruments operate. 18 Orbscan II optically measures the distance between the tear film including the hydrated epithelial layer of the cornea and the posterior corneal surface while ultrasonic pachymetry utilizes ultrasound echoes from the posterior cornea to calculate corneal thickness. 8 The origin of this posterior echo is not clear and might be at level of Descemet's membrane or the anterior chamber. The ultrasound probe may displace the tear film 7 to 40 microns and therefore underestimate corneal epithelial thickness. 19 Because of these discrepancies, an AF should be applied for Orbscan readings to bring them closer to conventional ultrasonic measurements. The amount of the AF as suggested by the manufacturer is 0.92. 16 The current study demonstrated that mean corneal thickness readings using ultrasonic pachymetry and Orbscan II (applying an AF of 0.92) were comparable. Although not statistically significant, the standard deviation of measurements was higher with Orbscan II indicating the possibility of significant over-and underestimations with this device. In keratorefractive surgery using data from Orbscan II, it is prudent to recheck corneal thickness by ultrasonic pachymetry when the estimated residual corneal thickness is borderline in order to minimize the risk of excessive ablation and keratectasia. The present study was conducted on eyes with virgin corneas. However, in postsurgical cases and keratoconic corneas, the mentioned AF may not be appropriate and corneal thickness readings obtained by Orbscan topography, even without applying any correction factor, have been reported to be less than ultrasonic pachymetry. 20, 21 
